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FRET Srfljffl Lfcl&ftjf jj*3g 
*&Wte, ^5t#R&^*/>=¥- h7 ^77- (FRET) SrfUffl Lfc#^M 

offish ^5>*f-r^fc*c»^ji^^ ^m^(Dmmicm-r^ 0 x<omm^ 
m d i & m v * it ^ <d m s: ^ £ -r z> # m f - m -r s 0 

(Cameleon) tMM6f (GFP) ^{fc.£.t«7/We 

(CaM) (-S<5VNfcC a z+ fficDiteT--e^- K^^/c^Tfe^^-CfcS 
(MiyawakiA. , ffe N (1997) Nature^, 882-887 ; ^.t^Tsien, R. Y. (1998) Ann. 
Rev. Biochem. 67, 509-544) o Z> * GFP©IM^ ^/Wtv 5 

y (CaM), ^y^;^y->yy>i7- ^i-i/ygi^t-f©caMis 

£~v7^K (Ml 3), F P (Dlift^^ =ir ^ 7IS1X' 

&-5o Ca^^CaMl^t^riti^ C a M t M 1 3 t <Dm<Dft^-fflJ® 

Sil^jjf^— £^<fcU ItS^I^G F P ^ f Ift G F P 's© F R E T | 

0)$}^fi$tgjz1rZ> o M&Zis*^^-^ (YC) fi, FRET©Kt-t77t7°^ 

b-c^T^Tt^ew (cfp> ttMMei (yfp) ^tiifiiir 

LtV^„ Itfe^^V-^-^ (YC) fi N C a 2+ m%i K^-T ^(DlS^^g^^T^ 
fCO^/V— 7°(C^^ixTVN«5o #1*1^ YC2«f»CaM^U Ca 
2 + (-*f LTi^V^fPtt^r^-r o — £\ YC3MYC4I1 CaMK^V©C 

yt<DY F P^EYF P. 1 (Miyawaki, A. , flfe. (1999) Proc. Natl. Acad. Sci. ; 

» 

usa 96, 2135-2140) x-m^-r^ £ t iz. x o xmmt^n-r z>w.m*m < * o T<^ ! 

! 

* 

I 

i i 

I 

BEST AVAILABLE COPY I 



So ^tfcYCi ttli, YC2. 1WYC3. lfcmifbtlZo 3Efc, c 
i t r i n e (Griesbeck, 0. , ftfe, (2001) J. Biol. Chem. 276, 29188-29194) 
-^V e n u s (Nagai, T. , ftfe, (2002) Nat. Biotechnol. 20, 87-90) 
Y F P ^fcWSV^^flcSrJBV^ r t iCX o t\ J; <9 «fc 5 Icfls 

YC2. 12K1YC3. 1 2 ft ^OSftAf RTfgfcSiaS<E>3£S 
fr-Cts >tf h nX'(DC a 2+ ^-a~(D|^^^ Y F P/C F PJtO^W:^ 

vm?v i 2 o%-efc5o 

*V wi^Wu YC©^ K*W:/£*B5tfHJB-r5fc#Jte>*L5rtBtt 

©CaM^caM^ief©#ftt[cj£i:T, ^y^t*ists;i:^ 

*58Wt±, f3t*?|x^^^7y^7 7 ^ (FRET) Sr?IJiUfc^|BI 

^^^it^P^^r-Sfc^fcT^-fe^^-^ff^^fCo CFPi:YFP©M 
P^*B*flft;!7|pl&T/iig8t£rC a 2 + ^^fe# LT^# < £<fb<**5 £ i: £ B «j £ L 

TGtf^SfS^MSrJgt^;*^— - 9— -eS^L^cRjil^J^MGF P (cpCFP) £r 
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m^Z>t^0^m*Um\^tz. (Baird, G. S., fife, (1999) Proc. Natl. Acad. Sci. 
USA 96, 11241-11246 ; 2fcT*Topell, S. , (1999) FEBS Lett. 457, 283-289) 0 

(FRET) *s^CS«*»^3d»J:43VNT, IBKt- SbfeffejtRtf/Xtt-hlET 

#£b<tt, tbteg&««:. GFP, CFP, YFP. REP, BFPXW 

frt><nm.mfc-vibz>o $?*b<«, Kt-t )tiei lie f pxii-e©iMt' 

t5 <t 5 ^tt07 ^ y Hastes, 

#£L<te, T^-fe^— ^3tSefft±x fTtlfif Venus <rmW&^^W-~Q 
L< fi, Venus <^)RJlS^^(i x cp49Venus, cpl 
5 7 V e n u s , cpl73Venus, cpl95Venus. JUi c p 2 2 
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9 V e n u s 7?h& 0 

(FRET) ^SW^-ffc^ C ^^^tJi^^^ ^ tL?>o 
$f^b<«, ^tfjSB^Jte, ^/Wlrv^y >\ cGMP^^teMeK^r^— ^\ 

0* b< «u M^m, *^^mm*~t— ^ (skMixKph 32 

mi&^J-i/^&^-r— if (smMLCK), #/WJrv^ y >-3r-^— if II (CaMKIlK # 
/Vf^^V, # /u;* ^/i- 5; :/ x h*c1 — if, y > N 

^y^— tf^-i— if, Ca2+ATP T— £\ 59 Kda ^^/^ i/^^T?— tf (PDE) „ 60 Kda 
* x 7}k v?oc ^ 7- ^ — if (PDE) „ — h y ^/^^-^v' Y-s^/Z— i?\ I S7f - y 
V?— fe\ Bordetella pertussis 7f=!l;l'V'^7-f, ^a-P^i/a y >\ 

x^ hy 5: y x h-r/Wbx^ — ^y c — if ^ SC (marcks) % 

MacMARCKS (F52), b-Adducin, t — h v- 3 y $ W 61 HSP90a. t F^i^ 
;^xy^D-^yn7'Dr-f > 160(HIV-1 gpl60h zf=7 V ^— 5 

^-^^£^-I(BBMHBI). ^5 ^-v'^fi^CMHC), F/^^^ ^yfy, ^/W;*7 

=^i?^ I'^^.sh'gftm&m^^ K (VIPh#x h y ^Pfi^^ K (GIPh 

XteX/l-^i/*. V l/lfe-gr^Zf^ K-2 (Model s<-??- K CBP2)<7);*7/I^v>^ y 
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(1) ^t»wf»If:^^5ig ; 

(2) Kt-^MBi^5It;M 

£ ^ £p # m 3* j§£t $ 5 „ 
Hltt. YC3. 1 2.S.t^^YC^^<7)#iti:^-<^ h/^tt^-To HI 

l©Att, 7C©N*Sg (Me t 1 ) St^ff^N5fe^ (Th r 4 9, G 1 n 1 5 7, 
A s p 1 7 3 , Leul95, 1 1 e 2 2 9 ) ^^i^ G F P <£>H&7C#|i£ 

Sr^-To HllcDBtt x YC3. 12 (iEJIJ#-^ 4 1 ) % Y C 3 . 2 0 (I3?lJ#-S§-4 



5 



2). YC3. 3 0 (IE?lJ#-^4 3), YC3. 6 0 (1B^J##4 4), YC3. 7 

0 Wf4 5), MYC3. 9 0 (lE?lJ#-*§- 4 6 ) ^Hit^-To 
XC a Mtt Xenopus calmodulin Sr^i~ 0 E 1 0 4QI1 X H#@©C a 2+ ^^/U 

~y<Dfemi2Ktetf%{%fc£tLfz-my/i'*^^m (eio4) frhif^z^ 

5YC»©^^^^ (4 3 5 nmT» HIl©Dte, Ca 

2+ ^if n^t5|SfPfCjo^5YC^M^ (YC3. 12, YC3. 2 0, YC3. 
30, YC3. 60,YC3. 70MYC3. 9 0)©f M*M^f 0 Hi 
(£>Ef±, pH7. 4(C4o(t5YC2. 6 0 (H^K YC3. 6 0 (%) Y C 
4. 6 0 (Eg^) OC a 2+ ^i|^t 0 UllcDFtt, C a 2 + u %.XP$£%q 

HI 2 (i, Y C 3 . 60lt;YC3. 1 2 ^Mt5He L aiSa^l^it^C 
a 2+ I&^C0Ji^SiJ^^^i- o U2CDASU ? Bfi, YC 3. 6 0 (A) MYC3. 

1 2 (b) ^m^^xm^%m^7^-r {mm a 9 0 nm , mits 3 5 nm ) 0 @ 

Wlil0^m o IH2CDCS.t) ? D{i, 3 0 M« A T P T"ii LfcH e L a IffiSS 
WC3. 6 0 (C);&tKYC3. 12 (D) £/8^T$R^£*LfcC a 2 + <Di& 
«^£^r o JhJ£ : R^&tf iWBt (^nWm^&t/e^-C^) (do 
V^TO^lt (5 3 5/4 8 0nm) (D^it* : CFPMc p 1 7 3 Ve 

nu s (C), WCF PSl/Ve n u s (D) tf>i£?fc^<D^fc 0 EHt^fFslPH 
5 

IH3fi, YC 3. 6 OSrfflV^fcHe L a £fflj§£ 4 1 <D [ C a 2+ ] c&tFCC a 2+ ] pm 
^)*^^.®^M^^r^-r o m 3 (DAfi, [C a 2+ ] c (DfcM&TFlT— ^(D^Mf^M 

ROI$:tttfc 0 10/im, |213<£>Cte\ Bf^lfc6o©ROI 
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-1* 

YC3. 6 O pm Mt5He L a *BJte<D||fiW|fe£:;j*i- 0 B 5£J* : 5 m. E 

<D[C a 2+ ] p mO'^blr^t- £©#&/£&(afeJtTOffe£^i- 0 

3§ £ Hlfi -f -5 ft #> (O Ml & <D wm 

itufEOii <9 , 33 * l/^Tl/ (Cameleon) RTfM&lJ * \s$rls (YC) fi x tkfcfp 

"CW\ -ftffl14^fc5C a 2+ ^|lJ^f±^5bL-CV^^^^ 0 *3£cDYC#:&#: (YC3. 

12) ijttfc-rs^. yc3. 6 otewz>£nmmx*foz>fr, y^-r^ 

s?tt5~6ffiF:fc#v\, :©J;9i:, YC3. 6 o-ewu s/NJt*s^:# < ifi]±t, 

mxh7jk-tm<9, Y C 3 . 6 0^HeLa|flte«fi(C«$t 

c p G F PcD^it^rft|U(-^^bfc Baird, G. S. , Kt-CFPtLT 
Ty r 1 4 5 ^frfcJ&N^SBSr^fi-S c p CFP^ftffltS-i t J: 9, YCCO 

^^S^©3feASr»t*fc (Baird, G. S. , fife. (1999) Proc. Natl. Acad. 
Sci. USA 05, 11241-11246. ) 0 L/6>U -©cpCFPm C a 2+ {&.&fe<D$£ 

U««t5i 9. r©3M5fcSreS:&Ufco c P 49Venus. 

cpl57Venus, cpl73Venus, c p 1 9 5 V e n u s %.Xf c p 



229Venus4\ Y F P ©P| 5 V l^T'fc 5 V e n u s ^ t fc c 5 

U<Dc pVe nu sI6f (l^tMWMtfc. #3§§8-Cffr?fc Lfc_hfE<D c 

p V e n u s S&Ktt, #feH^^<0iWfcS£&*®fc{eiii-53^-c$>5 f 4 
6 LSr^, N-*JadS^-y<u/KO*B5*aj^— LTV ^ 5 fcJfr-T? 

*^B(7){ug(Cfe#-r5 (Topell, S. , (1999) FEBS Lett. 457, 283-289) c C 

PF i YFPfa]©FR KT\cm^^XfflmtStltci&ftm7Fm<Dm-tm±lsX&; K) 
(Miyawaki, A. (2003) Dev. Cell 4, 295-305), CFPtYFP©2S©MS 

JlScpVenusli, LTSJ^fc-r 5 C\ £ #T# So 

^^Offi^M^^b^JEfdii^^^r^r ^^-c*#5 0 C a 2 + |^f5 c p 

GFP^^3£fcMR¥ffi£BB^£n;fcfc<DTifc?> (Nakai, J. , flfe, (2001) Nat. 
Biotechnol. 70, 137-141 ; Nagai, T, i, (2001) Proc. Natl. Acad. Sci. 
USA Ptf, 3197-3202), cpGFPlfrli, F R E T fctetttofc^tefr/flfcii* 
ft 5 i: ffl # $ *t 5 o W T , <D M M <o MM ( c o ^ T $ «b { c P $9 (d ift -f -5 „ 

(FRET) #£U3«3te»^rc&oT. ±IBK^— *3t«e«2Stt//Xtt±IBT 

tr-^ 2&S£*r-r 5 esiTfc 3 r. t £#m £ -rs t> <^t$> s 0 

*^^x*(± N FRETmx Me«^.r^r^-fe7°^— isit LTfE 
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fp), n&^ytwEim (yep), m&m&rn (gfpk #M)t®es (re 
p). it&mjttm&m (bfp) xte*:tiib(Dmm&te¥tfmf htvz> 0 
*wmmx*m?. i/T^i&ftm&m. tfet^gei, tfeiet, m&&yt 

P, EYFP. EGFP. ERFP, EBFP&iO ©^T^tSl^T'fe 
5 o #1 7L te\ KOate^ £ ma^lj k ^ £ V * 5 (Prasher, 
D. C. h (1992) , "Primary structure of the Aequorea victoria green fluorescent 
protein", Gene 111 : 229-233) 0 *:<D{fo<D%-%W&1g.JLfe : t<D y £.^fo(DT $ / @£ 
Ifl^'J h ^WiWi^ £ ixT*5 «9 , m x. fcf % Roger Y. Tsien, Annu. Rev. Biochem. 1998. 
67:509-44, 3£lWC^03l/B3:&^fe«t£ *LT ^fe^^t^^K (GFP), 
H^^SSC (YEP) ^fefi^^^W^M^i LTtt, #lx.fcf, ^V^?^ 
¥ (#)*.£?. m^^-i/T • t*^ MJT (Aequorea victoria)) E±J3fcWb CD£{£ffl 

GFP, YF P b%:thh<DmmVf(D— m&SATl^-ftiK ^ tt h icmfe £ *L Z> 

MGFP ; 

F99S, M153T, VI 6 3A©7^y«^t5GFP ; 

S 6 5T©7^/iiI^t5GFP ; 

F64L, S6 5T©7$ySI^I^ft5GFP ; 

S65T, S7 2A, N149K, M153T, 116 7T(D7?;M^f 
1"5G F P ; 

S 2 0 2F, T2 0 3 I©7^yi^Mtf5GFP ; 



T 2 0 3 I, S72A, Y 1 4 5 F©7$ y^Mf t5GF P ; 
S65G, S72A, T2 0 3 F©7 5/»^tt5GFP (YFP); 
S65G, S72A, T2 0 3H(D7^/i^tf5GFP (YFP); 
S65G, V68L, Q 6 9 K, S 7 2 A, T2 0 3Y©7^yi^I^ff^, 
GFP (EYFP-V68L, Q 6 9 K) ; 

S65G, S72A, T2 0 3 Y©75/K^Srtt5GFP (EYFP); 
S65G, S72A, K 7 9 R, T20 3Y©75;i^Mft5GFP (Y 
F P) ; 

^^5/^tt^?>rf7|S$ttTV»5. EGFP^^^- „ EYFP^^?- , ECF 
P-<^*— , EBFP^^-/j:t^ffiV^rt^t^5o 

*»»GFPflf|:t*fc5CFP, YFP, R F PX^^tb^O^^^^r 
ftfflt5-i:^tl / <, 0»Jx.fi. YFP Hfr-C&S Venus Srffl^S r i ^"C 
#-5 0 Venus (doV^-Oi, Nagai, T. {t!l(2002) Nature Biotecnology 20, 87-90 
§"#iT*#5 0 Venus ft, Y F P <D 46 # g ©7 ^ =^7 7 =■ o -1 v'^Cf^ 
t5i tin J: 9H^f3l&ieiT*^i), ^3K<Z)GFP tJtRLT, ^MK^t? 

30—100 f^. (sfL^olfflJflSF^-es—ioo^oBjs^^ft^L, ii^^SST* 

*3S^t?ftffi-C#Sflfa0^3fc^i: LTfi, Vibrio fischeri tfc Y-l *3fe<7>|| 
fe^TtMfitt, Peridinin-chlorophyll (dinoflagellate Syrobiodinium sp. 
^ 6 «) .Synechococcus ft t* v^T / ^ 7" y T & 5fc<£> phycobi li ® 6 W (011 

ziz^y x y ^^7^3^/7=^^, Xfi^^- ^xp^d try >-e 

HfiKW: Baldwin, T. 0., fife, Biochemistry 29:5509-5515 (1990), Morris, B. 
X, ftfe, Plant Molecular Biology, 24:673-677 (1994), Wilbanks, S. M. , 

fife, J. Biol. Chem. 268:1226-1235 (1993), R U Li fife, Biochemistry 
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34 : 7923-7930 ( 1995) ft ¥ (Cf2i!c $ tlX 1/ * -5 „ 

fcLTtt, CFP/YFP, X(±B F P/GF Wlf 

(2) 2~2 Of@<DT 5. jm&Mfrb&LZ V ^tl— gB^IJ ; 

(3) %©f ji£Ifif©N*ffi© lfld^n- 1#|©7^ J &£M : 

£ £ (c^^j b fc t> <D X' $> -5 0 

r $ j mAwm vi\ 7$ / m<Dmmtemig 2-20 mmmxfo v . m * u < « 
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Mrf^mtVXtt. Gly-Gly-Ser-Gly-Gly m&mtf btbZfc, ^tUblzmfeZtlZ 

nm&mm ^-^g^) zfa-tw*^ nh^^m 

^WefflV^^SfiffOA^fiait LTfi, mjtW&n Venus OR WS^fJ^ 
*TO#<7>HJ£#J-ef£$£Lfc cp49Venus N cpl57Ven 
us s cpl73Venus % cpl95Venus, Xfi cp229Venu 
s *^*S^f fjttSdS, ^ftk^Pg^nS&^-mft^o cp49Venus, 
cpl57Venus N cpl73Venus % cpigSVenus, Xfe c 
p229Venus "Cfi^tb^tb, ^Jt^&KV e n u s ©7^ /^#-5§-4 9 (D 
T h r 4 9, 7^ JWM^ 1 5 7©G 1 n, T * / &## 1 73©173, 
7 ®?#-S§- 1 9 5©L e u N Xt/T 5 / 2 2 9 CO I 1 e IC&V^T, N^^iRiJ 

C3. 2 0 4 2 ) , YC3. 3 0 (gB^J#-^ 4 3 ) , YC3. 6 0 (SB 

»f4 4), YC3. 70 (SB?IJ#-S§- 4 5 ) % Y C 3 . 90 (BE#J#-!§- 4 6 ) 

mm&mtf}^?- w^sr^-rsfc*©^^ Kje-a- b 
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(fret) (D%jmzmk&±t2> x otemytm^m&ftMi-zz ^^-c#s 0 
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KBfcM^y >*-M©ttft FRET &U^^fC^1-3ft^5i 

— g&-C&5o «fc 5 fcgSffOflli: LTfi, #/WE-^=. y ^(CaM) N cGMP-#t# 

-<D ^^CifAS^felf (fflx.lt. Katzenellenbogen, J. A. & Katzenellenbogen, 

B. S. Chemistry & Biology 3:529-536 (1996), Rtf Ames, J. B. , ftil N Curr. Opin. 
Struct. Biol. 6:432-438 (1996) &#flg). mf&BM&&ti& £ L < tt, #tff«&K 
^^tC^^T 0 ^ K life 

Crivici, A. & Ikura, M. Annu. Rev. Biophys. Biomol. Struct. 24:84-116 (1995) 

&5o 
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0 



SkMLCK (M13) 
smMLCK (smMLCKp) 
CaMKII 
Caldesmon 
Calspermin 
PFK (Mil) 
Calcineurin 
PhK (PhK5) 
(PhK13) 



KRRWKKNFIAVSAANRFKKISSSGAL (ffi?!l#-5§- 1 ) 
ARRKWQKTGHAVRAIGRLSS (@S?!l#-*§- 2 ) 
ARRKLKGA I LTTMLATRNFS ®E^lJ#^- 3 ) 
GVRNIKSMWEKGNVFSS fflE£!SNJ-4) 
ARRKLKAAVKAWASSRLGS (Ifi?lJ#-§- 5 ) 
FMNNWEVYKLLAHIRPPAPKSGSYTV (@S?IJ#-5§- 6 ) 
ARKEVIRNKIRAIGKMARVFSVLR GE£!l##7) 
LRRLIDAYAFRIYGHWVKKGQQQNRG (K?!i#-J§- 8 ) 
RGKFKV ICLTVLAS VRI YYQYRRVKPG (IS?fJ#-5§- 9 ) 
Ca2+ -ATPase (C28W) LRRGQILWFRGLNRIQTQIKWNAFSSS (ia^!l#-5§-l 0) 

59- kDa PDE RRKHLQRPIFRLRCLVKQLEK (gE?lJ#-5§- 1 1 ) 

60- kDa PDE TEKMWQRLKGILRCLVKQLEK (BB^BHJ- 1 2 ) 
NOS (NO-30) KRRAIGFKKLAEAVKFSAKLMGQ ®B£lJ#-PH 3) 
Type I AC (AC-28) IKPAKRMKFKTVCTIXVQIJfflCRKMFKA (IE^!J#-^- 1 4 ) 
Borderella periussis AC IDLLWKIARAGARSAVGTEA (IE#J#-^-l 5) 



Neuromodulin 
Spectrin 
MARCKS 

F52 or MacMARKS 
j3 -Adducin 
HSP90a 
HIV-1 gpl60 
BBMHBI 
Dilute MHC 
Mastoparan 
Melittin 
Glucagon 
Secretin 
VIP 
GIP 

Model ^Zf^- K CBP2 



KAHKAATKIQASFRGHITRKKLKGEKK (iB?IJ#-^l 6) 
KTASPWKS ARLMVHTVATFNS IKE (@S^U#^- 1 7) 
KKKKKRFSFMSFKLSGFSFKKSKK (MH?(J#^- 1 8 ) 
KKKKKFSFKKPFKLSGLSFKRNRK (gB?U#-5§- 1 9 ) 
KQQKEmWLNTPNTYLRVNVADEVQRNMGS dE^'JS^ 2 0 ) 
KDQVANSAFQERLRKHGLEVI (gB^!l#-§- 2 1 ) 
YHRLRDLLLIVKRIVELLGRR (1B^J#-^- 2 2 ) 
QQLATLIQKTYRGWRCRTHYQLM (IB^>J## 2 3 ) 
RAACIRIQKTIRGWLLRKRYLCMQ (ia?lJ#-5§- 2 4 ) 
INLKAALAKKIL (IB?!J#-^ 2 5 ) 
GIGAVLKVLTTGLPALISWIKRKRQQ (iS^J#-^-2 6) 
HSQGTFTTSDYSKYLDSRRAQDFVQWLMNT (IE^IJ#-S§- 2 7) 
HSDGTFTSELSRLRDSARLQRLLQGLV (IE^IJ#-5§- 2 8) 
HSDAVFTDNYTRLRKQMAVKKYLNSILN (I2?!j#-S§- 2 9 ) 

YADGTFISDYSAIMNKIRQQDFVNWLLAQQQKS (IB#!#-5§-3 0) 
KLWKKLLKLLKKLLKLG iWM^^r 3 1) 
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AC, T7*~V /Ui/f 7— \2; 
BBMHCI, brush-border 5 ^v-iXlIgl-I ; 
CaMKII, tuV^-J^ V ^*r~)-—- t? II; 
CBP2, * /l^ 5? a. JJ ^-g-*^ K-2 ; 

gip, h y ^a*^^ K; 

HIV-1 gP l60, t h ? A'* >^ n — 160; 
HSP, t-F-> 3 -7^iei; 

MARCKS, 5 y h 4 MtT 7 — >- y y C ^E-t-flf; 
MHC, 5; ^i/^ji^ ; 

NOS, ~bl) ^^^-^v- K->y^-f ; 
PDE, fr^^i/zc^T 1 ? — t? ; 
PFK, •fcT.ib^jV? h^r^-— fef 

PhK, ^x^!)7-t>t-f; 

sk- smMLCK, -fr&jgS&tfspM 5 tf; 
VIP, jfeWf^«li4J»-<^ K 



y fret _s.tJ\ ^wfesr©^tc«fc t) ^*it^bo^ 

^^^^fife^-OSpJ^EBtW:, ft%\s<\$m 1 nm 2»P>&, 10 nm 9 , «t 
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1 ~ 1 5'7^;»8S^f K-OfcS. y — 0>— 0t|M\ -Gly-Gly- V is* 

*-^|:o^-Ctt, #!l;Ui\ Huston, J. S. , fife, PNAS 85:5879-5883 (1988), 
Whitlow, M. , fib,, Protein Engineering 6:989-995 (1993), ,&tJ* Newton, D. L. , 
{&, Biochemistry. 35:545-553 (1996) ft if MsEft £ ttTV^<5 0 

i Lt*7^-^ 3 Srffl^5»^fl, MWSB^JOT^ y^IB^iJ^ LT DEVD 
y ^ ^ K*r*3fe*i*Ki4- = — sK y 5? ^ i^^f- K0> 5 ' 5|5i»K:ii»X 

^ h = >- py T^^bga^ij, xtt««E'fbseflt-ct>«tv^ ^^bBB^ijtt, m^.ti. 

"Protein Targeting", 35 ^Stryer, L. , Biochemistry (4th ed. ). W. H. Freeman, 

1995 fciE*c $ tix v * 5 «6<jE?iJ-c t>«fcv\ ^Sfbia^Jte, J^frfb^ Sff «fc v \ 

^^bfE^J^ftflil £ LTtt, ^^6*Jt-r<5BB3?iJ(KKKRK) (E5lj#f3 2), 5 
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h n > K V T t -T 5 IBM (T 5 / ^iS^ MLRTSSLFTRRVQPSLFRNILRLQST-) 

(E^J##3 3), /hJ® 5 E#|(KDEL (IE?iJ#-S§-3 4), C-^^) (*> 

([CaaX] CAAX (IH^J#^3 6), CC (ME?lJ#-^3 7), CXC (Sa^JSf3 8), Xte 

ccxx 3 9 ) ,c-*#£^k mjfcm<vmm'g:m$:M&}bi-z>w.m(sKAP-25 

— b*^) . x « =r/w ^ & m & t -r s ia^ij (f ur i n cd & t*&m tf h n z> 0 

»iitaoTMt5ci^-e§^ ^^y^mmmz, o.i mM Mnci £• 

fi. Sambrook Molecular Cloning — A Laboratory Manual, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, (1989) x ^t^fC Current Protocols in 
Molecular Biology, F. M. Ausubel ffe, eds. , (Current Protocols, a joint 
venture between Greene Publishing Associates, Inc. and John Wiley & Sons, 
Inc., most recent Supplement) ICfEiSc^tLTV ^ <5 0 
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KiHS-T-cDiiijtf) K>- (SP^.ATG).-i' h p y ^7 ^ v' ^ ^'t;K 

^Sa^lf ^tbS (0!l;ttf % Maniatis, fife, Molecular Cloning A Laboratory 
Manual, Cold Spring Harbor Laboratory, N. Y. , 1989 (ClfEttCD&flf £#Bg) 0 |£ 

«:Rbc i zmm-fz^thx^ z> 0 mnum-t, fin^nf^^F^ 

h^*:7^ yfsr bifiX'%Z> 0 t^!>^/U7 4 0 (SV 

4 0) X«^^^t°D— ^^-r/^^ < if^^>7'<^^^<^^ — £{£J3LT, X 
(Eukaryotic Viral Vectors, Cold Spring Harbor Laboratory, Gluzman ed. , 1982 
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-<^^— (#JxJi\ # U 7=7?— ^*rH? V^;^^, CaMV;^/^^^ifV^ ^-fA- 
TMV) £^$-£fcfit#>$0£. Xfi^^M^r^- Ki--5iB^J^^:M^ 

l:iI^^^-tT*ftit5r <h^T^;5(#!jxj£. Bitter, fife, Methods in 
Enzymology 153:516-544, 1987 &#M) 0 #iJxJ;£, tM^^ n — — 
£\ /<^fyt77-i ? ^ < plac, ptrp, ptac (ptrp-lac ~f V y Rt/cz^E— 
* — ) <D P L * if n ^ — Srffiffl -t" 5 ^ t «s -C # 5 o "fifL®)!|MJ3&^ 
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Ci^t'^So #llxJi\ Current Protocols in Molecular Biology, Vol. 2, Ed. 
Ausubel, ftii, Greene Publish. Assoc. & Wiley Interscience, Ch. 13, 1988; Grant, 
fife. , Expression and Secretion Vectors for Yeast, in Methods in Enzymology, 
Eds. Wu & Grossman, 31987, Acad. Press, N. Y. , Vol. 153, pp. 516-544, 1987; 
Glover, DNA Cloning, Vol. II, IRL Press, Wash., D. C. , Ch. 3, 1986;Mt*fc: N 
Bitter, Heterologous Gene Expression in Yeast, Methods in Enzymology, Eds. 
Berger & Kimmel, Acad. Press, N. Y. , Vol. 152, pp. 673-684, 1987; RXf The 
Molecular Biology of the Yeast Saccharomyces, Eds. Strathern fife. , Cold 
Spring Harbor Press, Vols. land II, 1982 & b* r b 2> 0 ADH 

X tt LEU2 if <D ffif& ^ » * — * — fc 5 V * tt ^ ^ n * * ~ 

£<£fflt~<5 r b a*-C# 5 (Cloning in Yeast, Ch. 3, R. Rothstein In: DNA Cloning 
Vol. 11, A Practical Approach, Ed. DM Glover, IRL Press, Wash. , D. C. , 1986) 0 

Zb t>-C#5 0 

-fn^r— ^ — J; OiSit-TSr i^-e^5 o ^ij^}^ CaMV O 35SRNA.S:tF 19S RNA 
:/n^e — ^ — ?£if(D ^^/U^^ci^w-^ — (Brisson, ftfe, Nature 310:511-514, 
1984), Xti TMV {C^-TS^— Mfif/P^- ^-(Takamatsu, fife, EMBO J. 
6:307-311, 1987) *e# 5 0 5 Wi.RUBISCO (O f^m.^ Zf =^ =- y h (Coruzzi, 
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fib. 1984, EMBO J. 3:1671-1680; Broglie, fife, Science 224:838-843, 1984) & 

hspl7. 5-E Xf*hspl7. 3-B (Gurley, Mol. Cell. Biol. 6:559-565, 1986) & 
Sr^LTt>ctV\ ^fhh<DM%k%>)\$. Ti^^x^: H\ Ri^7^5: K\ 

fix 0ilx.fd\ Weissbach & Weissbach, Methods for Plant Molecular Biology, 
Academic Press, NY, Section VIII, pp. 421-463, 1988 ; RXf Grierson & Corey, 
Plant Molecular Biology, 2d Ed. , Blackie, London, Ch. 7-9, 1988 &ifM|E 

=y-7rtJ^) 7 * J^—TWt&fifcMV << >\s^ (AcNPV) 2r--<^^ — t Ltf i LT^ 
Jfejt'fe^^^^-t"^ r b&X-% 5„ vlO^ /l^fi. Spodoptera frugiperda £ffl 

fi\ A^iHe -7-) *P\Z.j? n— ^^^X, AcNPV ^E— ^ — (D$iJ^JT(-^ < 0 

Spodoptera frugiperda &ffl#g{::^^£it\ ^rCD^BJ^F^"T?^A L/cit^F-^lg^i^ 
-fr<5 ~ <t^-C#5 (F!lxfi\ Smith, f&, J. Viol. 46:584, 1983;.&.U?7|eiS#lTS! 

4,215, 051 ^&mm) a 

3 i t tm^. bV\ *z(D i p ^^fflj^t Ltll, CHO. VER0 % BHK, HeLa, COS, 
MDCK, Jurkat, HEK-293, WI38 t'fcmif hth&fc. Z.tlb\cmM£}hZ> 
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— ©if Aid «fc o ^^^T?^#Rrtg-e^m^m^^3Eai--5 r t ^-e# 

;t^/I^;^#ktt<5 (#!l;U^ Logan & Shenk, Proc. Natl. Acad. Sci. USA, 81: 
3655-3659, 1984 «r#flg) 0 *>5VM*, !7 ^ ^=7 7. 5 K 7°d^E— ^ — £ 

fffitS^i^t^^^x.^ Mackett, fife, Proc. Natl. Acad. Sci. USA, 79: 
7415-7419, 1982; Mackett, ffe, J. Virol. 49: 857-864, 1984; Panicali, fife, 
Proc. Natl. Acad. Sci. USA 79: 4927-4931, 1982 &r#$0 o MM^iH 

i t"6lB^t?fe^ (Sarver, fife, Mol. Cell. Biol, l: 486, 198l) D Clc^DNA^-r 
£*8flJ&K:#AbfcE^, ^7X; Kfi*B«aSfc«9*?Jl 0 0 — 2 0 0^t°— m 

M-tZo SALfc cDNA Ofe^fcfi, t 5 ^^ K*s^^o|fefe(|:K:|a^ji**L<5r. 

ttSit^i i^S-C^S (Cone & Mull igan, Proc. Natl. Acad. Sci. 
USA, 81:6349-6353, 1984) 0 M !<"</KD3S3lfi» ^^Pf^^IIA/n^-;? 
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^■e#5^,-CT^.rfx¥M^/^^^$ v^^ — if (Wigler, fife, Cell, 11:223, 
1977), t#^ri?-^^>--^T^>"^^*y zKvVl' h7^7i7— £ (Szybalska 
& Szybalski, Proc. Natl. Acad. Sci. USA, 48:2026, 1962), ItFTf-y*^ 
/fry tKv'/V h x7— tef(Lowy, fife, Cell, 22: 817, 1980) jt<|5^£^tL 

tk- hgprt- aprt mfax*m.m-r % z b&x*%z 0 ttatittft&sr 

Wte£, ^ y h U^ir— h lC*H-3j»t££tt-5--r 5 dhfr (Wigler, ftfe, Proc. Natl. 
Acad. Sci. USA, 77: 3567, 1980; 0' Hare, fife, Proc. Natl. Acad. Sci. USA, 8: 
1527, 1981), 5 37i; Sl'mztt1rZ>Wt&%tt J 3--tZ> gpt (Mulligan & Berg, 
Proc. Natl. Acad. Sci. USA, 78: 2072, 1981), 7^7 *ff\szi%s K G-418 fd^f 
i~SB'l4 ; §r#4--t"^. neo (Colberre-Garapin, ftfe, J. Mol. Biol., 150:1, 1981), 
&Zt^4 i/^{ZM-fZ,Mfe%tt J 5--fZ> hygro (Santerre, fife, Gene, 30: 

147, l984)jHS^-<£>jljftcDSS£<!: LtffiffltsriiJ-eiS, 
i/<DiXK>*)\z.Ji/\?*- /\s*&m-tZ>Zk$:-*IMlz-$-Z> tr P B, 1® foot K is <o 

ttfrVlZL\iX*?-S--jls&8>m-rZ>Z.£$:-Zjmfc^-Z> hisD (Hartman & Mulligan, 
Proc. Natl. Acad. Sci. USA, 85:8047, 1988), X'/l'—^l/'fjJ friS* 

•>7^>tlf^T'ife5 2- (^7/w^-a^^/i^) -d \.-jr)V=.=f-^\z_n 
i" 5 i®f f£ £• # ■¥ i~ -5 0DC (ornithine decarboxylase) (McConlogue L. , In: 
Current Communications in Molecular Biology, Cold Spring Harbor Laboratory, 
ed. , 1987) t£ H&mf hthZ> 0 
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0»^x.fj|£I&ftt, *J»Mfc^0>I)fmjNM& x XfW«^ni?L»i^J^^if 

-t»£>6 0 r^-e, >->-^xKy-<^K{i. k-j— kd 

n-a-^ ew^^T^-fe^^-^^t-^br^/w^dr isms vxhx^\ 

1S» — Ky^-^- Kt-f)tI6f (#/M^^*&j) 0 £ <b(c, 

* ^fc if ) z^trM-s-m 6 Jt t>*389! 3 ;h,<5. 
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^<D&m.(oti#>Km$L~fz>z.bfrx*%z> 0 ±mm (e. coio n^conm^m 

A. 

(i) mB^-(Dmm 

cpVenus^©5' ll^cDNA^, B a mil I rJ5{Sl ^r'a'W't" <5 "fe 
^/7^v-MIi©N-Wc-*S©r H 1t!)y*- (GGSGG) S:^ 
- \?-fZ>mPI&*g& y J*^-f -7 — Srffil^T, P CRlci Otitis bfco PC 
Rtcj; 9, ^tib03' |«©cDNA(t ]) i/Jj — &=i— Ki~ -5 MB^iJ tc J; «9 5' 
£c o R I ^fi^-^tria^iJf-J: <9 3 * PCRlcii5MU; 0 

c p V e n u s ^^{fcCD5c^/£ cDNAIi, B a wH I c o R I "a^:^ 

$32:, pRSET, (Invitrogen) <DB amYLl /E c o R I MUC^f ^7 U" — A, 
-e^n— = cp49Venus, cpl57Venus, cpl73V 

e n u s , cpl95Venus, Mc p229Venus ^r^KUfc 0 
"C, cp49Venus, cpl57Venus, cpl73Venus, cp 
195Venus Xfi cp229Venus<Dc DNACO 5 ' *S^PCR|:i 
^gfcLT, S a c I UiiL&mAVtCo Sa c I HSPfitJ; "9 a - K^tlSC 
<DN-5^EL (Glu-Leu) ffi#l£>&<5>K:tt. 5 5|t<E>^{*:(c:*3^-C, M 
e t ^2, ^V^T^^^iXT hr49 > Glnl57, A s p 1 7 3 , Leul 
9 5RU I 1 e 2 2 9 ^^t^5 0 S a c I /£" c o R I Sf^^YC 3 . 12 
/pRSET B <p(DVe n u s £ = — K bTV N <53tt'(zs^?- ffti&LT, ^tfrl-^thY C 
3. 20> YC3. 30, YC3. 60, YC3. 70, WYC3. 9 0^ 
Mbfc 0 YC2. 60MYC4. 6 011, CaMK^^y|r^t^^t(Cj; 
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<9, YC3. 6 Ofrbimirtt. m%W)V>)X*<D&m.<D 7c«>, YC3. 12&IKY 
C3. 6 0©cDNAlrp cDNA3 (Invitrogen) \7L^"7^ n— =>^b;fc.o 
YC3. 6 O&mi&nmTizmtEZltZfclb. Ki-Ra80CAAX#yn 

IH^J (GTGG S GGGTGG S GGGT) (IH?U#-5§- 4 0 ) 

(2) -r^t*M3^3t&. Ca 2+ StFpH|S 

(Miyawaki A., (1997) Nature 38», 882-887), ^M.X Escherichia coli 

[JM109(DE3)]^iS$^ »1U ^^^I^LTc, B E C O N (Takara) 
fflV^T, 440DF20 535DF25 3§7fc:7^/l^ — Lt, 

^©^^^S9^bfc 0 C a 2+ ^5£te, 0,09 t^(2-T$ /x^)x^uy 
^ y =t — /i^-n, N, N9, N9 (EGTA), N-(2-t Kn^ixxf /^xfi/y^ 

T ^ >"-N, N9, N9 HjlfESt (EDT A — OH) XlixM)p£ftt (NT A) £fflV^ 
TlSLfcCa 2 + 7!)-MC a 2+ ^fP^»j^(DffiS:#IRiC i ^ Hi£ bfc 0 p 
HrK^teu gE^gCDii I? (Nagai, T, (2001) Proc. Natl. Acad. Sci. USA 

3197-3202), pH5. 8~8. 4 Ufc— JS<Oi|i«j&£Jl^TfT ofc 0 

(3) ate^tMh7^7i^-> 3 y 

He L afflWafi. 1 0 %tf>8ft^iSHb ? v'J&JElfo.fjf £^1" -5 Dulbecco 
Eagle itHfi-eitm^-frfCo *fflJ&K: % Superfect(QIAGEN)£rffl<^TYC 3. 6 0Xtt 
YC 3. 1 2^=3- K-rS3S^^^ — 4: h7V^7x^i/ 3 yUc 0 

(4) EHgtfb 

F7^7i^-> 3 2 ~ 4 0fHJ s Ha n k (D^mm&fflg&m (GIBC0) ^(D 
He L a $Bfl&£r®^b Lfc„ UApo40x, 1. 35NA fffig*H& l^XSr^l^fc I X - 7 
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SHfe-ftf*, 4 4 0DF2 0K7-f/^-, 4 5 5DRLP^^D/{ $7 
—Rtf, 2B<D^jfty J/U?— (CF PIZ.M LT4 8 0 DF 3 O x YFPt^t 
T535DF25) 7 -< /U* — ^^^g (Lambda 10-2, Sutter instruments) 

£fflV N T^S^J£LTtT&o7t 0 T^-f/^ — fi Omega Optical ^ b 
7c 0 YC^f,©f3tM?r, ^£PCCD#^ 7 (Cool SNAP fx, Roper Scientific) 
^rfflV^Tilj^'ft;bfc 0 ®^Oll# > S.T^^?tff(iMetamorph/Metafluor5. 0 y7 h!7^ 
T (Universal Imaging) ^rffi^-Ctrft ofc 0 *|^FR E T tf7^®<ffete, PlanApo 
60x, 1.4NATO^l/^X£#;ifc IX-71(^-y UlteR^M*^^;^© 
(CSU21, 43tftTh KjK^H^U— if-(430nm, BSC), M3CCD^ 

7-^7^ 7(0RCA-3CCD. gfcfe* r--^)£fflV^Ifr#Lfc 0 BH£ fc?#ffcj: 
Aquacosmos 2.5 h [7 ^7" (jls^&zft h — ^ ^.) ^r^t/^TfT&o 7c 0 

B. *§JH: 

(1) YC3. 1 2%.XfmMYCmmfc<Dm&t*'<? h/M#tt (Ull) 

-SrJB^T. Venus {^LTRffi^I^ofc 0 /3-/<U^ 
©*ffifc*aj Ufc/W- -?mm^mXVfc 0 cp49Venus, cpl57Ve 
nus, cpl73Venus, cpl95Venus, RXI cp229Ven 
u s fit, ^ttl^tLT hr49, G 1 n 1 5 7 x A s p 1 7 3 , Leul95 RXJ- 
I 1 e 2 2 9(Dff7c^N^^^^ 0 |B^UCngfL^a^T*^b7'cm-^, 

t^^T*fco7Co Me t 1 , Th r 4 9 N G 1 n 1 5 3, Aspl73 > Le 
u 1 9 5RXfl 1 e 2 2 9 (4 i3 -s< Ve n u 

s icM k. X r h <D c p V e n u s M & r £ l£ £ 9 x YC:}g-a^<£ 

r49WAspl73lt 4&<Dm&frh /3 U^CDmm^&W) tt^-S (® 
1 A) 0 
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m.YCt tttt, mftVk<DC a 2+ ^<D/ci?)(C. YC 3. 1 2 (Nagai, T. , ft&, 
(2002) Nat. Biotechnol. 20, 87-90) ^fel^ffl bfc 0 rtUi, CaMOZS 
iOC a 2+ ^^{&^^#£;ft,f£^/^ ^ ^ (El 0 4) (D^M^U Y 
C 3 if JV~ ^tcMI-So YC3. 12^Venus^ cp49Venus, 
cpl57Venus, cpl73Venus, cpl95Venus Jk.U c p 

2 2 9Venust?BftLt, YC3. 20, YC3. 3 0, YC3. 60, Y 
C3. 70MYC3. 9 0^lLfc (ilB). Z-tlh (D%ftMY C fci:£"C, Y 

C3. i2tmm^. mM^x^mm^mm.^. y^—^^^^-r^^ m^. 

C a 2+ ^0 t t&fttg©F|T'C F P Y F P ©Mit^tMo YC 

3. 30, YC3. 70MYC3. 90"efiYC3. 1 2 t $ y 

9 uy^^Lfc, YC 3. 2 OliC a 2 + ^ffi;^&jS#<D^£;^ Lfc (HI 1 C) c 
Venus (D*Xfl*)\Z. cpl73Venus {Cg^-T& — ^^CfiC FP^ 
f)OFRETt&l-efcofc^, iOMtt, »Ca 2+ ^f (Rmin : 
0. 87 ( Y C 3 . 12) Ml. 4 (YC3. 60)) CD^^i <9 t>^^^<7)C a 
2+ gS|nM (R M : 1. 8 (YC3. 1 2) *f9. 3 (YC3. 60)) <D^cD 
##JM?-C*>o;fc (i2Ah CF P £ YF P©MS©ri©ffi^SiSr^tt5 
fcfcfc:, CFPW440nmm«^ YF P©5 3 5 nm(^ft5ll3fe 

fi, C F P tc^-^ - ^) Y F P cO^Tfeitcoi^iPi: L.TV N ^i (El 1 D) 0 

YC3. 6 0<D^3tit (5 3 5/4 8 0) fi, ASHtOflMBtft (K ' d) ^ 
0. 2 5 /iM, H i 1 1 (n) jfi 1 . 7 k m^ftftUD C a 2+ #C#tt£* b 

fc (HIE, ^L) D YC3. 6 0(DC a 2+ ^fpti^^b$-y:^fci6^, ^^C 
aM^|41CaMXIl-flOC a 2+ ^;W^I^tf t5C aM (E 

3 1 Q) (DfiJiXfrX-WI&l'fZ- (MiyawakiA. , f&, (1997) Nature 882-887) 0 
#e>4xfcYCfi, YC2lt;YC4^-^iU ^tn^tlY C 2 . 6 0&U? 
Y C 4 . 6 0<bffc1-£o YC2. 6 0 tt«ff^tBttO*&^«:* Ufc (K' d , 4 
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OnM;n, 2. 4)„ 0. 2~0. 3 u M^V^T, ffijglMKl/jN $ tef&&& & 
•9 (ISllE, H;&h %©C aM-Ml 3 y KI6I <Drffil4<OC a 2 + 
^^iHfi^-tirS (MiyawakiA. , (1997) Nature 388, 882-887 ; ifc.'CF Porumb, 

T.,m. (1994) Protein Eng. 7, 109-115) o gEfg^iil? (MiyawakiA., fife, (1997) 
Natures, 882-887 ; Porumb, T. , ftfe, (1994) Protein Eng. 7, 109-115), 
YC4. 6 OtOE 3 lQil W&te-ftftUDlt^ (K' d, 5 8nM;n, 1. 
7 ; K' d, 14. 4 M M; n, 0. 8 7) t #fc3F L < t£^C a 2+ ^fP^^^ 
Lfc (Ull E. M) 0 YC 3. 6 0Tife££*b7citiV^V^-$ Ul/V (5 7 
0%) 1JYC2. 6 OX*mW£tltztf. YC4. 6 0 (^tv;^y^ 3 
6 0%) ^^-Cte^T^Lfco YC4. 6 0 (D^mfaVkl&ftRTf 
£12, J&^<D4 1%^:^5 9%{;i*-5-L-CV^c 0 c p Ve nu s^e«tt, EY 
FP-V68L/Q69K (EYFP. 1) Xte V e n u s t (p 
Ka = 6. 0) 3r^Lfc<DT% YC3. 6 011, YC3. 1WYC3. 12k 

m^pHwmx*hzz. ti>mw£thti 0 m 1 F(D P HiMit 4i^ p h 

IbIS (6. 5~8. 2) t-:fcl^TC a 2 + <D#?£T&t^#?£T&-:&V^-CYF P/ 
CF Pit^Mpfmkl^ftSU&V^ t£^LTV^ 0 L^UYC3. 1WYC3. 
1 2 £Jt<t£1-<5 YC3. 6 0 11 p HfibC i o X 7 ^ X^ffUJt 5 ^ # ^ C 
a 2+ £fc#tej£#£r^U S/Nlt^^:b< fpj±i~5c YC(D^^^(D#'|4^^2 
AW2B(^t„ i2(DAit ^©YC^IMM©YCfI^(DCa 
2+ J^^^r^i- 0 ^2<DBfl, YC3. 6 0RXf£(DmMfc<D>$C a 2+ ^fPtt^^ 
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Table 2 A 







frroax 


dynamic 

rang© 

(%5 


anisotropy 
-Ca 2+ +Ca2 + 


YC3.12 


0.9 


1.8 


100 


0.23 


0.17 


YC3.20 


1.3 


1.4 


10 


0.06 


0.10 


YC3.30 


1.1 


2.6 


140 


0.16 


0.07 


YC3.60 


1.4 


9.3 


560 


0.12 


-0.05 


YC3.70 






100 


0.15 


0,09 


YC3.90 


1.0 


1.7 


70 


0.17 


0.10 



Table 2 B 





ACd(nM) 


fraction {%) 


Hill coef 


YC2.60 


40 




2.4 


YC3.60 


250 




1.7 


YC4.60 


60 
14000 


40 
60 


1.7 
0.9 



(2)YC3. 60RVYC3. 1 2OTUV^He L a»OC a 2+ » 
^(Dit^m (0 2) 

YC3. 12£<9<bYC3. 6 0 ^§tffe5 r i ft, H e L a «©i)jSf 

ft<DMMc a 2+ (Dmgz ([ca 2+ ] cS ) ^mmvtcmm^^x. wm^mmz 

^fco YC3. 6 0XliYC3. 1 2^^-Kt5^iOcDNAlrb7^7 
= * h LfcH e L a $M£fi N ^BJiaWP^Eilf^joVNT^ ^> ^ UV^jt 
£M£Lfc ^fh^mi AM2 B) 0 H]2C&t/2Dtt. ^tL^tLYC3. 6 
0^YC3. 1 2 MLT^SHe L a»AM|WYFP/C F P 
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Jfc0>l$ra&iB&^1% YC3. 6 0I1 YC3. 1 2J:0t), Si^i©ATP 
(3 0/xM) *«;**S*S»C^:#< % Rmin {C^f-T-SRmax (EUfcSSfiteff 6 

ffif^t^ofc. 2S©YCIK*©C a 2+ gfPtt£DMfc*LTV^ 

(YC3. 6 0T:fiK' d = 0. 2 5 n MX&>Z><D\Z.tt U YC 3 . 12TliK' 

d = l. 2 5/iM) c YC3. 6 0 ^Rmax ^&tfRmin fliii*^ Y C 3 . 12 

m»te<^^{C*3V^T^kL5fe^ofc 0 (Rraax, 8. 06±0. 16, n=12 ; 
Rmin, 1. 37±0. 10, n=12) 0 

(3) YC 3. 6 OSrfflV^HeLa»4K7)[C a 2+ ] cfcj:^[C a 2+ ] pm£) 
YC3. 6 0O^Wt$*^l/yi;i:^$(i 4 [Ca 2+ ]cIIW 

MW2i^lBW*W*©*|ft«ro|^frW*5kAS:priBt!:-r5 0 YFPiCFP© 
®^£:ffi5£^o|HB#K:#;5fca6(£ N 3iWCCDf 5/^ (RGB ^^t^W) 
XA-e#f^fe$ixS^7-^^ 7^v^/Ei 0 ®^b<Dfc#>{^ YFPfcJ; 

6 0 Zmm.-tZ H e L a IfflflS £>#&j&<Z>0|£ 1 iItffe£|g 3 B {^"To 3cftfi*IBflSfr 

^5S^T'#fc— iS©^fe<DJtsp®^ 3 A) fi % fc $ ^td«t5$ijat^ 
[C a 2+ ]c O^P^^ojp|e||ai^{cttl^b-Cli*DbTV^< ^Sr^-fo 

it^fi, — m(ommft<D 6m\z.$LAjtim>bw$L (ro i ) <dcc a 2+ ] c o^fkis 

iia»S> 3 0 /i m/ s XhZ> <b ff"^£;ftfc (@3BM3C) 0 

Y C 3 . 6 0<DflJ,&£r^H-t-.5fc#>K: N K i - R a s OJ^T ^jo— gE^'J^it^ 
I©C-f8lui^$tf5r tfCi «9 X Y C 3 . 6 0Wi^^yf 

^rv^^^rfc (y c 3 . 6 0 PB ) o mm(DWk?-?v7-^ ^y^mzm^tzM-et, 



32 



^©YCT1±g^flgT©C a 2+ i)l^T^^^ofc 0 YC3. 6 0pm 

(D&fttemmm&RTf&ft&mm&x-ftmvx^ti (ni3D) 0 mmnmr <dmm 
ca 2+ m^ ([ca 2+ ] PD ) zfemmzmiEvtc (isi3E) 0 *>-(Dmmm<D 
[c a 2+ ] pn mc a 2+ ] c <Dmmm£ ^m^m^otc 0 r*wa, mwmxte&x. 

SE14;SS&5 (Marsault, R. , fife, (1997) EMBO J. /£, 1575-1581)„ [C a 2+ ]pm 
*5tt5l^«(D^b^^^#|it^}c*5V^T^^$^fc. (@3F)„ 

(4s *fflfl£Xte£fr--<Ditfc^-#A^J; 9 in situ X^Mrt^> - £: *s-C# 5 tctb. 
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x ym^m<D±Lfcmm&mk^xi&ft&m^*;^--m& (fret) ^cstbt 

2. 'gytm&'Sff, GFP. CFP, YFP % REP, BFPXIi^tlf,© 

3. K^— m7tM6W^CFPXf*^:(D^^T-$)i9 % 7^t^-ie 



6. r^-t^^-^^e«^, -gytm &n Venus <DHM&mm&x~hz>. 

7 . Venus ^RJlH^J^Mft^ cp49Venus. cpl57Ven 
us. cpl73Venus % cpl95Venus, Xte cp229Venu 
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(FRET) (7)^)^tC^b^^D2)^^c§ N ff^^l *»b 7 CDfpm^^Cfegc(D^;^ 

if c,-r y ^ h — /wi, 4, 5- h y as^-y h^s^.xtai^^y 

10. ^^ga^ij^^/u^^?^ y ^-e^5 % gf ^ 9 iz.mm(D^ytm^m 0 

1 1 - F&frtiK ^ ^v^gi^^— if (skMLCKp) x ^mffi 

^a-i/^mm*c~r— tf(sroMLCKK TJ/Wtv?^ y >-3r-7-— if ii (CaMKIIh fl Arf 

^/l/^^/U^y, Tfr^Tfry/U? h*r-}-— if, TJA-v^^ y V, 
7— if =3f-^-— if\ Ca2+ATP T — if x 59 Kda /fti/^X^ 7— if (PDE) % 60 Kda 

* x * 7^ — £(PDEh — h y Ki/^^— if, H7r = !);i'v' 

^ 7 — If. Bordetella pertussis 7r - !) ^'>^ 7— =3. — n^E- v 5 ^. y >\ 

hyy, 5 y ^ h-Y/Wbr^^^y ^ c — (marcks) „ 

MacMARCKS (F52h b-Adducin N t — h is 3 y ? g 6 5t HSP90a, t FM^iW 

/^xy^o^-y;/!; nynr^y 160(HIV-1 gP 160h ^7^>a^'-^? 
=f^ x ir* u^^,sk^ifW}itm^<y°^ K (VIP) h y ^Pl*-^^ K (GIPh 
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Xtt* fr* i? V ^m^^^f- K-2 (Model K CEP2)<D%/ls*i?=. V ^ 

12. y y*^^i^p,3 or^HiSiD^f K^t*fc5, fi^ 

13. $ "bl-^frfbSB^iJ^r-atf, si^JS 1 ^P, l 2 (DfiTtL/WcfEi&O^ftJg 

1 5. SE?iJ#-5§-4 2 X iB^iJ#-^-4 3, IB£iJ#-*M 4 N I2M#-*§-4 5XteiS?iJ 
( 2 ) K^-j&^&Ibig £-3:3 I*S ; 

•t z> m&mm k kw^ l fc^^n^ga^j sr-g- tp^-< \z.y=p 

-7 ^ ? v- 3 W 5 £ £ »3ft^ 1 7 &CfE*^2f&o 

2 0 . W^3® 1 9 tCfB^(D^^^-g-tf^^-<^ ^ — 0 

2 1 . mJkm 1 9 ^fB^<D^^Xf±ff*^2 0 l£SE«©38^<^ * — fc^i- 
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*38ig<DBWtt, ^3t^B&^^/^=¥— h7^7r~ (FRET) Srfljffl bfc 
9 (FRET) as£C5abte*B^3Hte*5i^T, ±fEK^— *ttfi&WXtf/XH:±aB 
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H 1 



A Be 




pCa p h 



1/3 




YC3.60 




D 



YC3. 1 2 



E 200 

e 

DL 

2 100-r 



h*"*-** cp173Venus 



Rmax 



-< — Rm\n 



o 

73 

^1 
CO 

< 

CD 
=3 



-100 c 



3 



100- 



500 1000 

Btfp'l (S) 



1 

1500 



30 mM 
ATP 



i.3r 
1.1 

0.9 



Sjiimili 



1000 



2000 



"6 oi j^. 



-2 




— i 

Venus 



-»^p . . . ..... J. 100 Q 



r8 



-200 



< 

CD 
13 
C 
to 



1000 

B*IB] (s) 
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m 3 



A 



6 



D 



1000- 



CO 

O 





10pM 



1000 



03 

a 




t r 

40 60 

m n (s> 



v- 10.7 



11.1 s ! '-fj-j 



r 
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10 /5 75 9W 

IAP15 Rec'd PCJ/PTQ 1 4 APR 2006 

SEQUENCE LISTING 
<110> RIKEN 

<110> JAPAN SCIENCE AND TECHNOLOGY AGENCY 
<120> A fluorescent indicator using FRET 
<130> A41654A 

<160> 46 : 
<210> 1 
<211> 26 
<212> PRT 
<213> animal 

<400> 1 ■ 
Lys Arg Arg Trp Lys Lys Asn Phe He Ala Val Ser Ala Ala Asn Arg j 

i 

15 10 15 

Phe Lys Lys He Ser Ser Ser Gly Ala Leu 

20 25 

<210> 2 
<211> 20 
<212> PRT 
<213> animal 
<400> 2 

Ala Arg Arg Lys Trp Gin Lys Thr Gly His Ala Val Arg Ala He Gly 
15 10 15 

! 

Arg Leu Ser Ser j 

20 

<210> 3 
<211> 20 
<212> PRT 
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<213> animal 
<400> 3 

Ala Arg Arg Lys Leu Lys Gly Ala He Leu Thr Thr Met Leu Ala Thr 

15 10 15 

Arg Asn Phe Ser 

20 

<210> 4 
<211> 17 
<212> PRT 
<213> animal 
<400> 4 

Gly Val Arg Asn He Lys Ser Met Trp Glu Lys Gly Asn Val Phe Ser 

1 5 10 15 

Ser 

<210> 5 
<211> 20 
<212> PRT 
<213> animal 
<400> 5 

Ala Arg Arg Lys Leu Lys Ala Ala Val Lys Ala Val Val Ala Ser Ser 

15 10 15 

Arg Leu Gly Ser 

20 

<210> 6 
<211> 26 
<212> PRT 
<213> animal 
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<400> 6 

Phe Met Asn Asn Trp Glu Val Tyr Lys Leu Leu Ala His He Arg Pro 

1 5 10 15 

Pro Ala Pro Lys Ser Gly Ser Tyr Thr Val 

20 25 

<210> 7 
<211> 24 
<212> PRT 
<213> animal 
<400> 7 

Ala Arg Lys Glu Val He Arg Asn Lys He Arg Ala He Gly Lys Met 

15 10 15 

Ala Arg Val Phe Ser Val Leu Arg 

20 

<210> 8 
<211> 26 
<212> PRT 
<213> animal 
<400> 8 

Leu Arg Arg Leu He Asp Ala Tyr Ala Phe Arg He Tyr Gly His Trp 

15 10 15 

Val Lys Lys Gly Gin Gin Gin Asn Arg Gly 

20 25 

<210> 9 
<211> 27 
<212> PRT 
<213> animal 
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<400> 9 

Arg Gly Lys Phe Lys Val He Cys Leu Thr Val Leu Ala Ser Val Arg 

15 10 15 

He Tyr Tyr Gin Tyr Arg Arg Val Lys Pro Gly 

20 25 

<210> 10 
<211> 28 
<212> PRT 
<213> animal 
<400> 10 

Leu Arg Arg Gly Gin He Leu Trp Phe Arg Gly Leu Asn Arg He Gin 

15 10 15 

Thr Gin He Lys Val Val Asn Ala Phe Ser Ser Ser 

20 25 

<210> 11 
<211> 21 
<212> PRT 
<213> animal 
<400> 11 

Arg Arg Lys His Leu Gin Arg Pro He Phe Arg Leu Arg Cys Leu Val 

15 10 15 

Lys Gin Leu Glu Lys 

20 

<210> 12 
<211> 21 
<212> PRT 
<213> animal 
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<400> 12 

Thr Glu Lys Met Trp Gin Arg Leu Lys Gly He Leu Arg Cys Leu Val 

15 10 15 

Lys Gin Leu Glu Lys 

20 

<210> 13 
<211> 23 
<212> PRT 
<213> animal 
<400> 13 

Lys Arg Arg Ala He Gly Phe Lys Lys Leu Ala Glu Ala Val Lys Phe 

15 10 15 

Ser Ala Lys Leu Met Gly Gin 

20 

<210> 14 
<211> 28 
<212> PRT 
<213> animal 
<400> 14 

He Lys Pro Ala Lys Arg Met Lys Phe Lys Thr Val Cys Tyr Leu Leu 

15 10 15 

Val Gin Leu Met His Cys Arg Lys Met Phe Lys Ala 

20 25 

<210> 15 
<211> 22 
<212> PRT 
<213> animal 
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k 1 
<400> 15 

Ala Cys He Asp Leu Leu Trp Lys He Ala Arg Ala Gly Ala Arg Ser 

15 10 15 

Ala Val Gly Thr Glu Ala 

20 

<210> 16 
<211> 27 
<212> PRT 
<213> animal 
<400> 16 

Lys Ala His Lys Ala Ala Thr Lys He Gin Ala Ser Phe Arg Gly His 

15 10 15 

He Thr Arg Lys Lys Leu Lys Gly Glu Lys Lys 

20 25 

<210> 17 
<211> 24 
<212> PRT 
<213> animal 
<400> 17 

Lys Thr Ala Ser Pro Trp Lys Ser Ala Arg Leu Met Val His Thr Val 

15 10 15 

Ala Thr Phe Asn Ser He Lys Glu 

20 

<210> 18 
<211> 25 
<212> PRT 
<213> animal 
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<400> 18 

Lys Lys Lys Lys Lys Arg Phe Ser Phe Lys Lys Ser Phe Lys Leu Ser 

15 10 15 

Gly Phe Ser Phe Lys Lys Ser Lys Lys 

20 25 

<210> 19 
<211> 24 
<212> PRT 
<213> animal 
<400> 19 

Lys Lys Lys Lys Lys Phe Ser Phe Lys Lys Pro Phe Lys Leu Ser Gly 

15 10 15 

Leu Ser Phe Lys Arg Asn Arg Lys 

20 

<210> 20 
<211> 31 
<212> PRT 
<213> animal 
<400> 20 

Lys Gin Gin Lys Glu Lys Thr Arg Trp Leu Asn Thr Pro Asn Thr Tyr 

15 10 15 

Leu Arg Val Asn Val Ala Asp Glu Val Gin Arg Asn Met Gly Ser 

20 25 30 

<210> 21 
<211> 21 
<212> PRT 
<213> animal 
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<400> 21 

Lys Asp Gin Val Ala Asn Ser Ala Phe Gin Glu Arg Leu Arg Lys His 

15 10 15 

Gly Leu Glu Val He 

20 

<210> 22 
<211> 21 
<212> PRT 
<213> animal 
<400> 22 

Tyr His Arg Leu Arg Asp Leu Leu Leu lie Val Lys Arg He Val Glu 

15 10 15 

Leu Leu Gly Arg Arg 

20 

<210> 23 
<211> 23 
<212> PRT 
<213> animal 
<400> 23 

Gin Gin Leu Ala Thr Leu He Gin Lys Thr Tyr Arg Gly Trp Arg Cys 

15 10 15 

Arg Thr His Tyr Gin Leu Met 

20 

<210> 24 
<211> 24 
<212> PRT 
<213> animal 
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<400> 24 

Arg Ala Ala Cys He Arg He Gin Lys Thr He Arg Gly Trp Leu Leu 

15 10 15 

Arg Lys Arg Tyr Leu Cys Met Gin 

20 

<210> .25 
<211> 12 
<212> PRT 
<213> animal 
<400> 25 

He Asn Leu Lys Ala Ala Leu Ala Lys Lys He Leu 

1 5 10 

<210> 26 

<211> 26 
<212> PRT 
<213> animal 
<400> 26 

Gly He Gly Ala Val Leu Lys Val Leu Thr Thr Gly Leu Pro Ala Leu 

15 10 15 

He Ser Trp He Lys Arg Lys Arg Gin Gin 

20 25 

<210> 27 
<211> 30 
<212> PRT 
<213> animal 
<400> 27 

His Ser Gin Gly Thr Phe Thr Thr Ser Asp Tyr Ser Lys Tyr Leu Asp 
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15 10 15 

Ser Arg Arg Ala Gin Asp Phe Val Gin Trp Leu Met Asn Thr 

20 25 30 

<210> 28 
<211> 27 
<212> PRT 
<213> animal 
<400> 28 

His Ser Asp Gly Thr Phe Thr Ser Glu Leu Ser Arg Leu Arg Asp Ser 

15 10 15 

Ala Arg Leu Gin Arg Leu Leu Gin Gly Leu Val 

20 25 

<210> 29 
<211> 28 
<212> PRT 
<213> animal 
<400> 29 

His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gin 

15 10 15 

Met Ala Val Lys Lys Tyr Leu Asn Ser He Leu Asn 

20 25 

<210> 30 
<211> 33 
<212> PRT 
<213> animal 
<400> 20 
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Tyr Ala Asp Gly Thr Phe He Ser Asp Tyr Ser Ala He Met Asn Lys 

15 10 15 

He Arg Gin Gin Asp Phe Val Asn Trp Leu Leu Ala Gin Gin Gin Lys 

20 25 30 

Ser 



<210> 31 
<211> 17 
<212> PRT 
<213> animal 
<400> 31 

Lys Leu Trp Lys Lys Leu Leu Lys Leu Leu Lys Lys Leu Leu Lys Leu 

15 10 15 

Gly 



<210> 32 
<211> 5 
<212> PRT 

<213> eucaryotic cell 
<400> 32 

Lys Lys Lys Arg Lys 



<210> 33 
<211> 26 
<212> PRT 

<213> eucaryotic cell 
<400> 33 
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Met Leu Arg Thr Ser Ser Leu Phe Thr Arg Arg Val Gin Pro Ser Leu 

15 10 15 

Phe Arg Asn He Leu Arg Leu Gin Ser Thr 

20 25 

<210> 34 
<211> 4 
<212> PRT 

<213> eucaryotic cell 

<400> 34 

Lys Asp Glu Leu 

<210> 35 
<211> 3 
<212> PRT 

<213> eucaryotic cell 
<400> 35 
Ser Lys Leu 

<210> 36 
<211> 4 
<212> PRT 

<213> eucaryotic cell 

<220> 
<222> (4) 

<223> any amino acid 
<400> 36 

Cys Ala Ala Xaa 
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<210> 37 
<211> 2 
<212> PRT 

<213> eucaryotic cell 
<400> 37 
Cys Cys 

<210> 38 
<211> 3 
<212> PRT 

<213> eucaryotic cell 

<220> 
<222> (2) 

<223> any amino acid 
<400> 38 

Cys Xaa Cys 

<210> 39 

<211> 4 

<212> PRT 

<213> eucaryotic cell 
<220> 

<222> (3), (4) 

<223> any amino acid 
<400> 39 

Cys Cys Xaa Xaa 
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<210> 40 
<211> 16 
<212> PRT 

<213> Artificial Sequence 
<400> 40 

Gly Thr Gly Gly Ser Gly Gly Gly Thr Gly Gly Ser Gly Gly Gly Thr 
15 10 15 

<210> 41 
<211> 647 
<212> PRT 

<213> Artificial Sequence 
<400> 41 

Met Val Ser Lys Gly Glu 

1 5 
Val Glu Leu Asp Gly Asp 

20 

Glu Gly Glu Gly Asp Ala 
35 

Cys Thr Thr Gly Lys Leu 
50 

Leu Thr Trp Gly Val Gin 
65 70 
Gin His Asp Phe Phe Lys 

85 

Arg Thr He Phe Phe Lys 
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Glu Leu Phe Thr Gly Val Val Pro He Leu 



10 



15 



Val Asn Gly His Arg Phe Ser Val Ser Gly 



25 



30 



Thr Tyr Gly Lys Leu Thr Leu Lys Phe He 



40 



45 



Pro Val Pro Trp Pro Thr Leu Val Thr Thr 



55 



60 



Cys Phe Ser Arg Tyr Pro Asp His Met Lys 



75 



80 



Ser Ala Met Pro Glu Gly Tyr Val Gin Glu 



90 



95 



Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu 



•I 



100 



105 



110 



Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg He Glu Leu Lys Gly 



115 



120 



125 



lie Asp Phe Lys Glu Asp Gly Asn He Leu Gly His Lys Leu Glu Tyr 



130 



135 



140 



Asn Tyr He Ser His Asn Val Tyr He Thr Ala Asp Lys Gin Lys Asn 



145 



150 



155 



160 



Gly He Lys Ala Asn Phe Lys He Arg His Asn He Glu Asp Gly Ser 

165 170 175 

4 

Val Gin Leu Ala Asp His Tyr Gin Gin Asn Thr Pro He Gly Asp Gly 



180 



185 



190 



Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gin Ser Ala Leu 



195 



200 



205 



Ser Lys Asp Pro Lys Glu Lys Arg Asp His Met Val Leu Leu Glu Phe 



210 



215 



220 



Val Thr Ala Ala Arg Met His Asp Gin Leu Thr Glu Glu Gin He Ala 



225 



230 



235 



240 



Glu Phe Lys Glu Ala Phe Ser Leu Phe Asp Lys Asp Gly Asp Gly Thr 



245 



250 



255 



He Thr Thr Lys Glu Leu Gly Thr Val Met Arg Ser Leu Gly Gin Asn 



260 



265 



270 



Pro Thr Glu Ala Glu Leu Gin Asp Met He Asn Glu Val Asp Ala Asp 



275 



280 



285 



Gly Asn Gly Thr He Tyr Phe Pro Glu Phe Leu Thr Met Met Ala Arg 



290 



295 



300 



Lys Met Lys Asp Thr Asp Ser Glu Glu Glu He Arg Glu Ala Phe Arg 



305 



310 



315 



320 
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Val Phe Asp Lys Asp Gly Asn Gly Tyr He Ser Ala Ala Gin Leu Arg 

325 330 335 

His Val Met Thr Asn Leu Gly Glu Lys Leu Thr Asp Glu Glu Val Asp 

340 345 350 

Glu Met He Arg Glu Ala Asp He Asp Gly Asp Gly Gin Val Asn Tyr 

355 360 365 

Glu Glu Phe Val Gin Met Met Thr Ala Lys Gly Gly Lys Arg Arg Trp 
370 375 380 

i 

Lys Lys Asn Phe He Ala Val Ser Ala Ala Asn Arg Phe Lys Lys He 
385 390 395 400 

Ser Ser Ser Gly Ala Leu Glu Leu Met Val Ser Lys Gly Glu Glu Leu 

405 410 415 

Phe Thr Gly Val Val Pro He Leu Val Glu Leu Asp Gly Asp Val Asn 

420 425 430 

Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr 

435 440 445 

Gly Lys Leu Thr Leu Lys Leu He Cys Thr Thr Gly Lys Leu Pro Val 

450 455 460 

Pro Trp Pro Thr Leu Val Thr Thr Leu Gly Tyr Gly Leu Gin Cys Phe 
465 470 475 480 

Ala Arg Tyr Pro Asp His Met Lys Gin His Asp Phe Phe Lys Ser Ala 

485 490 495 

Met Pro Glu Gly Tyr Val Gin Glu Arg Thr He Phe Phe Lys Asp Asp 

500 505 510 ! 

1 

! 

Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu ! 

515 520 525 

Val Asn Arg He Glu Leu Lys Gly He Asp Phe Lys Glu Asp Gly Asn j 

i 
t 

i 
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530 535 540 

He Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr 
545 550 555 560 

He Thr Ala Asp Lys Gin Lys Asn Gly lie Lys Ala Asn Phe Lys He 

565 570 575 

Arg His Asn lie Glu Asp Gly Gly Val Gin Leu Ala Asp His Tyr Gin 

580 585 590 

Gin Asn Thr Pro He Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His 

595 600 605 

Tyr Leu Ser Tyr Gin Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg 

610 615 620 

Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly He Thr Leu 
625 630 635 640 

Gly Met Asp Glu Leu Tyr Lys 

645 

<210> 42 
<211> 653 
<212> PRT 

<213> Artificial Sequence 
<400> 42 

Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro He Leu 

15 10 15 

Val Glu Leu Asp Gly Asp Val Asn Gly His Arg Phe Ser Val Ser Gly 

20 25 30 

Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe He 

35 40 45 

Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr 
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50 



55 



60 



Leu Thr Trp Gly Val Gin Cys Phe Ser Arg Tyr Pro Asp His Met Lys 



65 



70 



75 



80 



Gin His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gin Glu 



85 



90 



95 



Arg Thr He Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu 



100 



105 



110 



Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg He Glu Leu Lys Gly 



115 



120 



125 



lie Asp Phe Lys Glu Asp Gly Asn He Leu Gly His Lys Leu Glu Tyr 



130 



135 



140 



Asn Tyr He Ser His Asn Val Tyr He Thr Ala Asp Lys Gin Lys Asn 



145 



150 



155 



160 



Gly He Lys Ala Asn Phe Lys He Arg His Asn He Glu Asp Gly Ser 



165 



170 



175 



Val Gin Leu Ala Asp His Tyr Gin Gin Asn Thr Pro He Gly Asp Gly 



180 



185 



190 



Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gin Ser Ala Leu 



195 



200 



205 



Ser Lys Asp Pro Lys Glu Lys Arg Asp His Met Val Leu Leu Glu Phe 



210 



215 



220 



Val Thr Ala Ala Arg Met His Asp Gin Leu Thr Glu Glu Gin He Ala 



225 



230 



235 



240 



Glu Phe Lys Glu Ala Phe Ser Leu Phe Asp Lys Asp Gly Asp Gly Thr 



245 



250 



255 



He Thr Thr Lys Glu Leu Gly Thr Val Met Arg Ser Leu Gly Gin Asn 



260 



265 



270 
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Pro Thr Glu Ala Glu Leu Gin Asp Met He Asn Glu Val Asp Ala Asp 



275 



280 



285 



Gly Asn Gly Thr He Tyr Phe Pro Glu Phe Leu Thr Met Met Ala Arg 



290 



295 



300 



Lys Met Lys Asp Thr Asp Ser Glu Glu Glu He Arg Glu Ala Phe Arg 



305 



310 



315 



320 



Val Phe Asp Lys Asp Gly Asn Gly Tyr He Ser Ala Ala Gin Leu Arg 



325 



330 



335 



His Val Met Thr Asn Leu Gly Glu Lys Leu Thr Asp Glu Glu Val Asp 



340 



345 



350 



Glu Met He Arg Glu Ala Asp He Asp Gly Asp Gly Gin Val Asn Tyr 



355 



360 



365 



Glu Glu Phe Val Gin Met Met Thr Ala Lys Gly Gly Lys Arg Arg Trp 



370 



375 



380 



Lys Lys Asn Phe He Ala Val Ser Ala Ala Asn Arg Phe Lys Lys He 



385 



390 



395 



400 



Ser Ser Ser Gly Ala Leu Glu Leu Met Thr Gly Lys Leu Pro Val Pro 



405 



410 



415 



Trp Pro Thr Leu Val Thr Thr Leu Gly Tyr Gly Leu Gin Cys Phe Ala 



420 



425 



430 



Arg Tyr Pro Asp His Met Lys Gin His Asp Phe Phe Lys Ser Ala Met 



435 



440 



445 



Pro Glu Gly Tyr Val Gin Glu Arg Thr He Phe Phe Lys Asp Asp Gly 



450 



455 



460 



Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val 



465 



470 



475 



480 



Asn Arg He Glu Leu Lys Gly He Asp Phe Lys Glu Asp Gly Asn He 
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pi 



485 490 495 

Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr He 

500 505 510 

Thr Ala Asp Lys Gin Lys Asn Gly He Lys Ala Asn Phe Lys He Arg 

515 520 525 

His Asn He Glu Asp Gly Gly Val Gin Leu Ala Asp His Tyr Gin Gin 

530 535 540 

Asn Thr Pro He Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr 
545 550 550 560 

Leu Ser Tyr Gin Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp 

565 570 575 

His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly He Thr Leu Gly 

580 585 590 

Met Asp Glu Leu Tyr Lys Gly Gly Ser Gly Gly Met Val Ser Lys Gly 

595 600 605 

Glu Glu Leu Phe Thr Gly Val Val Pro He Leu Val Glu Leu Asp Gly 

610 615 620 

Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp 
625 630 635 640 

Ala Thr Tyr Gly Lys Leu Thr Leu Lys Leu He Cys Thr 

645 650 

<210> 43 
<211> 653 
<212> PRT 

<213> Artificial Sequence 
<400> 43 

Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro He Leu 
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1 



10 



15 



Val Glu Leu Asp Gly Asp Val Asn Gly His Arg Phe Ser Val Ser Gly 



20 



25 



30 



Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe He 



35 



40 



45 



Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr 



50 



55 



60 



Leu Thr Trp Gly Val Gin Cys Phe Ser Arg Tyr Pro Asp His Met Lys 



65 



70 



75 



80 



Gin His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gin Glu 



85 



90 



95 



Arg Thr He Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu 



100 



105 



110 



Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg He Glu Leu Lys Gly 



115 



120 



125 



He Asp Phe Lys Glu Asp Gly Asn He Leu Gly His Lys Leu Glu Tyr 



130 



135 



140 



Asn Tyr He Ser His Asn Val Tyr He Thr Ala Asp Lys Gin Lys Asn 



145 



150 



155 



160 



Gly He Lys Ala Asn Phe Lys He Arg His Asn He Glu Asp Gly Ser 



165 



170 



175 



Val Gin Leu Ala Asp His Tyr Gin Gin Asn Thr Pro He Gly Asp Gly 



180 



185 



190 



Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gin Ser Ala Leu 



195 



200 



205 



Ser Lys Asp Pro Lys Glu Lys Arg Asp His Met Val Leu Leu Glu Phe 



210 



215 



220 
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Val Thr Ala Ala Arg Met His Asp Gin Leu Thr Glu Glu Gin He Ala 



225 



230 



235 



240 



Glu Phe Lys Glu Ala Phe Ser Leu Phe Asp Lys Asp Gly Asp Gly Thr 



245 



250 



255 



He Thr Thr Lys Glu Leu Gly Thr Val Met Arg Ser Leu Gly Gin Asn 



260 



265 



270 



Pro Thr Glu Ala Glu Leu Gin Asp Met He Asn Glu Val Asp Ala Asp 



275 



280 



285 



Gly Asn Gly Thr He Tyr Phe Pro Glu Phe Leu Thr Met Met Ala Arg 



290 



295 



300 



Lys Met Lys Asp Thr Asp Ser Glu Glu Glu He Arg Glu Ala Phe Arg 



305 



310 



315 



320 



Val Phe Asp Lys Asp Gly Asn Gly Tyr He Ser Ala Ala Gin Leu Arg 



325 



330 



335 



His Val Met Thr Asn Leu Gly Glu Lys Leu Thr Asp Glu Glu Val Asp 



340 



345 



350 



Glu Met He Arg Glu Ala Asp He Asp Gly Asp Gly Gin Val Asn Tyr 



355 



360 



365 



Glu Glu Phe Val Gin Met Met Thr Ala Lys Gly Gly Lys Arg Arg Trp 



370 



375 



380 



Lys Lys Asn Phe He Ala Val Ser Ala Ala Asn Arg Phe Lys Lys He 



385 



390 



395 



400 



Ser Ser Ser Gly Ala Leu Glu Leu Met Gin Lys Asn Gly He Lys Ala 



405 



410 



415 



Asn Phe Lys He Arg His Asn He Glu Asp Gly Gly Val Gin Leu Ala 



420 



425 



430 



Asp His Tyr Gin Gin Asn Thr Pro He Gly Asp Gly Pro Val Leu Leu 
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435 



440 



445 



Pro Asp Asn His Tyr Leu Ser Tyr Gin Ser Ala Leu Ser Lys Asp Pro 



450 



455 



460 



Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala 



465 



470 



475 



480 



Gly He Thr Leu Gly Met Asp Glu Leu Tyr Lys Gly Gly Ser Gly Gly 



485 



490 



495 



Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro He Leu 



500 



505 



510 



Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly 



515 



520 



525 



Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Leu He 



530 



535 



540 



Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr 



545 



550 



555 



560 



Leu Gly Tyr Gly Leu Gin Cys Phe Ala Arg Tyr Pro Asp His Met Lys 



565 



570 



575 



Gin His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gin Glu 



580 



585 



590 



Arg Thr He Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu 



595 



600 



605 



Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg He Glu Leu Lys Gly 



610 



615 



620 



He Asp Phe Lys Glu Asp Gly Asn He Leu Gly His Lys Leu Glu Tyr 



625 



630 



635 



640 



Asn Tyr Asn Ser His Asn Val Tyr He Thr Ala Asp Lys 



645 



650 
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<210> 44 
<211> 653 
<212> PRT 

<213> Artificial Sequence 
<400> 44 

Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro lie Leu 

15 10 15 

Val Glu Leu Asp Gly Asp Val Asn Gly His Arg Phe Ser Val Ser Gly 

20 25 30 

Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe He 

35 40 45 

Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr 

50 55 60 

Leu Thr Trp Gly Val Gin Cys Phe Ser Arg Tyr Pro Asp His Met Lys 
65 70 75 80 

Gin His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gin Glu 

85 90 95 

Arg Thr He Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu 

100 105 110 

Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg He Glu Leu Lys Gly 

115 120 125 

He Asp Phe Lys Glu Asp Gly Asn He Leu Gly His Lys Leu Glu Tyr 

130 135 140 

Asn Tyr He Ser His Asn Val Tyr He Thr Ala Asp Lys Gin Lys Asn 
145 150 155 160 

Gly He Lys Ala Asn Phe Lys He Arg His Asn He Glu Asp Gly Ser 

165 170 175 
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Val Gin Leu Ala Asp His Tyr Gin Gin Asn Thr Pro He Gly Asp Gly 

180 185 190 

Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gin Ser Ala Leu 

195 200 205 

Ser Lys Asp Pro Lys Glu Lys Arg Asp His Met Val Leu Leu Glu Phe 

210 215 220 

Val Thr Ala Ala Arg Met His Asp Gin Leu Thr Glu Glu Gin lie Ala 
225 230 235 240 

Glu Phe Lys Glu Ala Phe Ser Leu Phe Asp Lys Asp Gly Asp Gly Thr 

245 250 255 

He Thr Thr Lys Glu Leu Gly Thr Val Met Arg Ser Leu Gly Gin Asn 

260 265 270 

Pro Thr Glu Ala Glu Leu Gin Asp Met He Asn Glu Val Asp Ala Asp 

275 280 285 

Gly Asn Gly Thr He Tyr Phe Pro Glu Phe Leu Thr Met Met Ala Arg 

290 295 300 

Lys Met Lys Asp Thr Asp Ser Glu Glu Glu He Arg Glu Ala Phe Arg 
305 310 315 320 

Val Phe Asp Lys Asp Gly Asn Gly Tyr He Ser Ala Ala Gin Leu Arg 

325 330 335 

His Val Met Thr Asn Leu Gly Glu Lys Leu Thr Asp Glu Glu Val Asp 

340 345 350 

Glu Met He Arg Glu Ala Asp He Asp Gly Asp Gly Gin Val Asn Tyr 

355 360 365 

Glu Glu Phe Val Gin Met Met Thr Ala Lys Gly Gly Lys Arg Arg Trp 

370 375 380 

Lys Lys Asn Phe He Ala Val Ser Ala Ala Asn Arg Phe Lys Lys He 
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385 



390 



395 



400 



Ser Ser Ser Gly Ala Leu Glu Leu Met Asp Gly Gly Val Gin Leu Ala 



405 



410 



415 



Asp His Tyr Gin Gin Asn Thr Pro He Gly Asp Gly Pro Val Leu Leu 



420 



425 



430 



Pro Asp Asn His Tyr Leu Ser Tyr Gin Ser Ala Leu Ser Lys Asp Pro 



435 



440 



445 



Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala 



450 



455 



460 



Gly He Thr Leu Gly Met Asp Glu Leu Tyr Lys Gly Gly Ser Gly Gly 



465 



470 



475 



480 



Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro He Leu 



485 



490 



495 



Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly 



500 



505 



510 



Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Leu He 



515 



520 



525 



Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr 



530 



535 



540 



Leu Gly Tyr Gly Leu Gin Cys Phe Ala Arg Tyr Pro Asp His Met Lys 



545 



550 



555 



560 



Gin His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gin Glu 



565 



570 



575 



Arg Thr He Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu 



580 



585 



590 



Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg He Glu Leu Lys Gly 



595 



600 



605 
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He Asp Phe Lys Glu Asp Gly Asn He Leu Gly His Lys Leu Glu Tyr 

610 615 620 

Asn Tyr Asn Ser His Asn Val Tyr He Thr Ala Asp Lys Gin Lys Asn 
625 630 635 640 

Gly He Lys Ala Asn Phe Lys He Arg His Asn He Glu 

645 650 

<210> 45 
<211> 653 
<212> PRT 

<213> Artificial Sequence 
<400> 45 

Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro He Leu 

15 10 15 

Val Glu Leu Asp Gly Asp Val Asn Gly His Arg Phe Ser Val Ser Gly 

20 25 30 

Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe He 

35 40 45 

Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr 

50 55 60 

Leu Thr Trp Gly Val Gin Cys Phe Ser Arg Tyr Pro Asp His Met Lys 
65 70 75 80 

Gin His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gin Glu 

85 90 95 

Arg Thr He Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu 

100 105 110 

Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg He Glu Leu Lys Gly 
115 120 125 
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He Asp Phe Lys Glu Asp Gly Asn He Leu Gly His Lys Leu Glu Tyr 



130 



135 



140 



Asn Tyr He Ser His Asn Val Tyr He Thr Ala Asp Lys Gin Lys Asn 



145 



150 



155 



160 



Gly He Lys Ala Asn Phe Lys He Arg His Asn He Glu Asp Gly Ser 



165 



170 



175 



Val Gin Leu Ala Asp His Tyr Gin Gin Asn Thr Pro He Gly Asp Gly 



180 



185 



190 



Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gin Ser Ala Leu 

195 200 205 

Ser Lys Asp Pro Lys Glu Lys Arg Asp His Met Val Leu Leu Glu Phe 



210 



215 



220 



Val Thr Ala Ala Arg Met His Asp Gin Leu Thr Glu Glu Gin He Ala 



225 



230 



235 



240 



Glu Phe Lys Glu Ala Phe Ser Leu Phe Asp Lys Asp Gly Asp Gly Thr 



245 



250 



255 



He Thr Thr Lys Glu Leu Gly Thr Val Met Arg Ser Leu Gly Gin Asn 



260 



265 



270 



Pro Thr Glu Ala Glu Leu Gin Asp Met He Asn Glu Val Asp Ala Asp 



275 



280 



285 



Gly Asn Gly Thr He Tyr Phe Pro Glu Phe Leu Thr Met Met Ala Arg 



290 



295 



300 



Lys Met Lys Asp Thr Asp Ser Glu Glu Glu He Arg Glu Ala Phe Arg 
305 310 315 320 

Val Phe Asp Lys Asp Gly Asn Gly Tyr He Ser Ala Ala Gin Leu Arg 



325 



330 



335 



His Val Met Thr Asn Leu Gly Glu Lys Leu Thr Asp Glu Glu Val Asp 
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340 



345 



350 



Glu Met He Arg Glu Ala Asp He Asp Gly Asp Gly Gin Val Asn Tyr 



355 



360 



365 



Glu Glu Phe Val Gin Met Met Thr Ala Lys Gly Gly Lys Arg Arg Trp 



370 



375 



380 



Lys Lys Asn Phe He Ala Val Ser Ala Ala Asn Arg Phe Lys Lys He 



385 



390 



395 



400 



Ser Ser Ser Gly Ala Leu Glu Leu Met Leu Pro Asp Asn His Tyr Leu 



405 



410 



415 



Ser Tyr Gin Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His 



420 



425 



430 



Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly He Thr Leu Gly Met 



435 



440 



445 



Asp Glu Leu Tyr Lys Gly Gly Ser Gly Gly Met Val Ser Lys Gly Glu 



450 



455 



460 



Glu Leu Phe Thr Gly Val Val Pro He Leu Val Glu Leu Asp Gly Asp 



465 



470 



475 



480 



Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala 



485 



490 



495 



Thr Tyr Gly Lys Leu Thr Leu Lys Leu He Cys Thr Thr Gly Lys Leu 



500 



505 



510 



Pro Val Pro Trp Pro Thr Leu Val Thr Thr Leu Gly Tyr Gly Leu Gin 



515 



520 



525 



Cys Phe Ala Arg Tyr Pro Asp His Met Lys Gin His Asp Phe Phe Lys 



530 



535 



540 



Ser Ala Met Pro Glu Gly Tyr Val Gin Glu Arg Thr He Phe Phe Lys 



545 



550 



555 



560 
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Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp 

565 570 575 

Thr Leu Val Asn Arg He Glu Leu Lys Gly He Asp Phe Lys Glu Asp 

580 585 590 

Gly Asn He Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn 

595 600 605 

Val Tyr He Thr Ala Asp Lys Gin Lys Asn Gly He Lys Ala Asn Phe 

610 615 620 

Lys He Arg His Asn He Glu Asp Gly Gly Val Gin Leu Ala Asp His 
625 630 635 640 

Tyr Gin Gin Asn Thr Pro He Gly Asp Gly Pro Val Leu 

645 650 

<210> 46 
<211> 653 
<212> PRT 

<213> Artificial Sequence 
<400> 46 

Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro He Leu 

15 10 15 

Val Glu Leu Asp Gly Asp Val Asn Gly His Arg Phe Ser Val Ser Gly 

20 25 30 

Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe He 

35 40 45 

Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr 

50 55 60 

Leu Thr Trp Gly Val Gin Cys Phe Ser Arg Tyr Pro Asp His Met Lys 
65 70 75 80 
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Gin His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gin Glu 

85 90 95 

Arg Thr lie Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu 

100 105 110 

Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg He Glu Leu Lys Gly 

115 120 125 

He Asp Phe Lys Glu Asp Gly Asn He Leu Gly His Lys Leu Glu Tyr 

130 135 140 

Asn Tyr He Ser His Asn Val Tyr He Thr Ala Asp Lys Gin Lys Asn 
145 150 155 160 

Gly He Lys Ala Asn Phe Lys He Arg His Asn He Glu Asp Gly Ser 

165 170 175 

Val Gin Leu Ala Asp His Tyr Gin Gin Asn Thr Pro He Gly Asp Gly 

180 185 190 

Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gin Ser Ala Leu 

195 200 205 

Ser Lys Asp Pro Lys Glu Lys Arg Asp His Met Val Leu Leu Glu Phe 

210 215 220 

Val Thr Ala Ala Arg Met His Asp Gin Leu Thr Glu Glu Gin He Ala 
225 230 235 240 

Glu Phe Lys Glu Ala Phe Ser Leu Phe Asp Lys Asp Gly Asp Gly Thr 

245 250 255 

He Thr Thr Lys Glu Leu Gly Thr Val Met Arg Ser Leu Gly Gin Asn 

260 265 270 

Pro Thr Glu Ala Glu Leu Gin Asp Met He Asn Glu Val Asp Ala Asp 

275 280 285 

Gly Asn Gly Thr He Tyr Phe Pro Glu Phe Leu Thr Met Met Ala Arg 
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290 



295 



300 



Lys Met Lys Asp Thr Asp Ser Glu Glu Glu He Arg Glu Ala Phe Arg 



305 



310 



315 



320 



Val Phe Asp Lys Asp Gly Asn Gly Tyr He Ser Ala Ala Gin Leu Arg 



325 



330 



335 



His Val Met Thr Asn Leu Gly Glu Lys Leu Thr Asp Glu Glu Val Asp 



340 



345 



350 



Glu Met He Arg Glu Ala Asp He Asp Gly Asp Gly Gin Val Asn Tyr 



355 



360 



365 



Glu Glu Phe Val Gin Met Met Thr Ala Lys Gly Gly Lys Arg Arg Trp 



370 



375 



380 



Lys Lys Asn Phe He Ala Val Ser Ala Ala Asn Arg Phe Lys Lys He 



385 



390 



395 



400 



Ser Ser Ser Gly Ala Leu Glu Leu Met He Thr Leu Gly Met Asp Glu 



405 



410 



415 



Leu Tyr Lys Gly Gly Ser Gly Gly Met Val Ser Lys Gly Glu Glu Leu 



420 



425 



430 



Phe Thr Gly Val Val Pro He Leu Val Glu Leu Asp Gly Asp Val Asn 



435 



440 



445 



Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr 



450 



455 



460 



Gly Lys Leu Thr Leu Lys Leu He Cys Thr Thr Gly Lys Leu Pro Val 



465 



470 



475 



480 



Pro Trp Pro Thr Leu Val Thr Thr Leu Gly Tyr Gly Leu Gin Cys Phe 



485 



490 



495 



Ala Arg Tyr Pro Asp His Met Lys Gin His Asp Phe Phe Lys Ser Ala 



500 



505 



510 
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Met Pro Glu Gly Tyr Val Gin Glu Arg Thr He Phe Phe Lys Asp Asp 



515 



520 



525 



Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu 



530 



535 



540 



Val Asn Arg He Glu Leu Lys Gly He Asp Phe Lys Glu Asp Gly Asn 



545 



550 



550 



560 



He Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr 



565 



570 



575 



lie Thr Ala Asp Lys Gin Lys Asn Gly He Lys Ala Asn Phe Lys He 



580 



585 



590 



Arg His Asn He Glu Asp Gly Gly Val Gin Leu Ala Asp His Tyr Gin 



595 



600 



605 



Gin Asn Thr Pro He Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His 



610 



615 



620 



Tyr Leu Ser Tyr Gin Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg 



625 



630 



635 



640 



Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly 



645 



650 
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